D
ESPITE many decades of relentless search for a suitable treatment for acquired and congenital hydrocephalus, the present procedures are still far from adequate. Many ingenious approaches have been used in the treatment of hydrocephalus, but few have maintained popularity. Dandy's proposal of extirpation of the choroid plexus in communicating hydrocephalus was the first modern technique. This procedure proved to have disadvantages, mainly due to cerebral collapse during exposure of the choroid plexus, a An era of shunting from the ventricular cavity to the ureters and to the peritoneal cavity followed. These operations have been replaced by the current use of vascular shunts, for both communicating and noncommunicating hydrocephalus. These devices are, at best, an indirect approach to the basic pathology. In addition, these shunts are plagued by stoppage, infection, and other late complications. The ventriculo-atrial catheter must be surgically adjusted to compensate for patient growth.
The development of ventriculoscopes and endoscopic cauterization has preserved some interest in the original approach proposed by Dandy for communicating hydrocephalus. 2,3 Third ventriculostomy has also provided another alternative to shunting for noncommunicating hydrocephalus. Both of these operations are technically more difficult procedures than shunting, and have their own disadvantages. Cauterization at times has been hindered by intraventricular hemorrhage. Third ventriculostomy may not always produce a permanent opening for cerebrospinal fluid flow.
Scarff's article 3 comparing the results of these various techniques indicates a slightly greater initial success with vascular shunting. In Scarff's study, however, 57% of vascular shunts developed late complications while cauterization of choroid plexus or third ventriculostomy had only 2.5% late complications.
Materials and Methods
We were interested in evaluating another method of destroying the choroid plexus, namely, cryosurgery. Seventeen mongrel dogs weighing from 25 to 45 lbs were used as experimental animals. Four dogs were used as controls and had a sham operation performed on them. Six dogs had the choroid plexus of one lateral ventricle partially or completely removed by suction. Seven dogs had the choroid plexus of one lateral ventricle frozen with a cryoprobe utilizing liquid nitrogen.
Following nembutal anesthesia, all animals in the study were preoperatively placed on their sides, and the cerebrospinal fluid (CSF) flow was measured by cisterna magna taps. Each animal had at least two cisternal taps before the experimental treatment and two afterward. The cisternal taps were allowed to drip CSF freely and the amount that accumulated over a period of 2 hours was measured. The amount of CSF obtained during the first 10 minutes was measured and subtracted from the total amount collected in 2 hours, because it was found that the early flow was heavily influenced by rapidity of tap, level of anesthesia, and spinal fluid pressure, so that it did not reflect the actual CSF production by the choroid plexus. Two animals had pH, pO2, and pCO~ determined on arterial blood and CSF before and after surgery. Three additional animals had sugar, protein, and cells of the spinal fluid determined.
In the surgical procedures, a parietal burr hole was utilized to make a cortical window exposing the lateral ventricle. For the cryosurgical procedure, the choroid plexus in the lateral ventricle was exposed, and a liquid nitrogen probe 2 mm in diameter was 62 placed in contact with the glomerular region of the choroid plexus. The plexus was frozen at -8 0~ for 3 minutes. In the plexectomized dogs the same approach was used, but the choroid plexus was removed by suction. Usually not all of the plexus was extirpated, but always more than half, including the glomerular region, was removed. For the control animals, a sham operation was performed using the same approach as for the experimental animals, but the choroid plexus was only exposed and not damaged in any way.
After the final cisternal taps, varying from 14 to 65 days after the operation, the dogs were sacrificed by perfusion with formalin and their brains removed. Histological procedures were performed on the choroid plexi.
Results
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Mongrel Dogs significantly reduced by freezing the choroid plexus. Table 1 Histologically, there was a decrease in connective tissue of the choroid plexi that had been frozen. The epithelial cells were not visibly altered. The blood vessels were intact, and no hemorrhage could be seen. The frozen plexi appeared atrophied and thin due to the decrease in connective tissue. (Fig. 2) .
Discussion
Cryosurgery of the choroid plexus may offer a new surgical technique for the treatment of hydrocephalus. Whether the cause of hydrocephalus is obstruction of flow of CSF or overproduction, the functional destruction of the CSF producing site could improve the condition. Although simple overproduction is seldom described, clinical differences in production do occur. Since the main source of spinal fluid is the choroid plexus, then destruction of the plexi by cryosurgery decreases production. In communicating or noncommunicating hydrocephalus, the freezing of the choroid plexi of the lateral ventricles could reduce the CSF production to a level that the absorptive capacity of the subarachnoid space or the ependyma of the ventricles could equilibrate with production. This treatment would be comparable and perhaps superior to cauterization or extirpation of the choroid plexus as used previously.
Though our experiment indicates a decrease in CSF productivity in normal dogs, we have not developed a refined technique for human hydrocephalic patients.
Summary
This experiment was designed to find a possible alternative to the use of vascular shunting, choroid plexus cauterization, or third ventriculostomy in hydrocephalus. A liquid nitrogen probe was used to freeze choroid plexi of normal dogs, and the change in production of cerebrospinal fluid was measured by collecting the spinal fluid as it flowed out an open cisterna magna tap. We found a decrease in cerebrospinal fluid production after cryosurgery of the choroid plexus. In order to successfully use cryosurgery on patients, it will be necessary to design an adequate ventriculoscope adapted for use with cryoprobes, using liquid nitrogen or other coolants. We hope to develop such an instrument.
